Abstract. We present a detailed evaluation of the atmospheric sulfur cycle simulated in the Georgia Tech/Goddard Global Ozone Chemistry Aerosol Radiation and Transport (GOCART) model. The model simulations of SO2, sulfate, dimethylsulfide (DMS), and methanesulfonic acid (MSA) are compared with observations from different regions on various timescales. The model agrees within 30% with the regionally averaged sulfate concentrations measured over North America and Europe but overestimates the SO2 concentrations by more than a factor of 2 there. This suggests that either the emission rates are too high, or an additional loss of SO2 which does not lead to a significant sulfate production is needed. The average wintertime sulfate concentrations over Europe in the model are nearly a factor of 2 lower than measured values, a discrepancy which may be attributed largely to the sea-sak sulfate collected in the data. The model reproduces the sulfur distributions observed over the oceans in both long-term surface measurements and short-term aircraft campaigns. Regional budget analyses show that sulfate production from SO2 o:•idation is 2 to 3 times more efficient and the lifetimes of SO2 and sulfate are nearly a factor of 2 longer over the ocean than over the land. This is due to a larger free tropospheric fraction of SO2 column over the ocean than over the land, hence less loss to the surface. The North Atlantic and northwestern Pacific regions are heavily influenced by anthropogenic activities, with more than 60% of the total SO2 originating f•orn anthropogenic sources. The average production efficiency of' SO2 from DMS oxidation is estimated at 0.87 to 0.91 in most oceanic regions.
Sulfur Budget in the Polluted Continental Regions
shows the column budget of SO2 and sulfate in the polluted regions of NAM, EUR, and EAS, defined in Figure 21 . Anthropogenic emission is the predominant source of SO2 there, with the highest emission rate over Europe. However, nearly half of the SO2 emitted is dry-deposited to the surface. Dry deposition dominates the removal of SO2 over the continent particularly in winter when SO2 oxidation is slow. The sulfate production efficiency, which is defined as the amount of sulfate produced relative to the amount of SO2 emit- in-cloud oxidation and/or dry deposition rates are sufficiently higher than those in the real world that they could be counted as total SO2 heterogeneous oxidation and total deposition.
Conclusions
We have presented a detailed evaluation of the atmospheric sulfur cycle simulated in the GOCART model. Over the polluted regions of North America and Europe where the sources are thought to be well understood, the model reproduces the seasonal variations of S02 but overestimates the atmospheric level of S02 by more than a factor of 2 on average. On the other hand, the modeled sulfate levels agree with the observations within 30% as the sulfate production rates are controlled by the oxidant concentrations. The model results suggest that either the S02 emission rates are too high or an increased S02 loss which does not lead to significant sulfate production is required. Such a loss could include an increase of the calculated S02 dry deposition rate over the land, or an additional deposition The sulfate production efficiency from SO2 oxidation is much lower over the polluted continents than over the oceans. With about half of the SO2 emitted over the land being deposited to the surface, only 24% to 33% of them are oxidized to produce sulfate over the land. By contrast, 53% to 66% of the SO2 over the oceans converts to sulfate in the atmosphere. This is because of a larger free tropospheric fraction of column SO2 over the oceans than over the land, hence less surface loss. sphere, analyzing the relationship that exists between the sulfate aerosol and its precursors, and estimating the forcing that sulfate aerosol exerts on global climate.
